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TELEPRESENCE SYSTEM WITH 
SIMULTANEOUS AUTOMATIC 

PRESERVATION OF USER HEIGHT, 
PERSPECTIVE, AND VERTICAL GAZE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application contains subject matter related to 
US. patent application Ser. No. 09/784,902, now US. Pat. 
No. 6,785,402, by Norman Jouppi and Subramonium Iyer 
titled “Head Tracking and Color Video Acquisition Via Near 
Infrared Luminance Keying”. 

The present application also contains subject matter related 
to US. patent application Ser. No. 10/285,757, now US. Pat. 
No. 6,879,879, by Norman Paul Jouppi and Vaughan Stanton 
Thomas entitled “Telepresence System With Automatic User 
Surrogate Height Matching”. 
The present application further contains subject matter 

related to US. patent application Ser. No. 10/319,911, now 
US. Pat. No. 6,889,120, by Norman Paul Jouppi entitled 
“Mutually-immersive Mobile Telepresence With GaZe and 
Eye Contact Preservation”. 

BACKGROUND 

1. Technical Field 

The present invention relates generally to videoconferenc 
ing and more speci?cally to telepresence systems. 

2. Background Art 
In the past, video camera and audio systems Were devel 

oped for improving communication among individuals Who 
are separated by distance and/or time. The system and the 
process are noW referred to as “videoconferencing”. Video 
conferencing sought to duplicate, to the maximum extent 
possible, the full range, level and intensity of interpersonal 
communication and information sharing Which Would occur 
if all the participants Were “face-to-face” in the same room at 
the same time. 

Behavioral scientists knoW that interpersonal communica 
tion involves a large number of subtle and complex visual 
cues, referred to by names like “eye contact” and “body 
language,” Which provide additional information over and 
above the spoken Words and explicit gestures. These cues are, 
for the most part, processed subconsciously by the partici 
pants, and often communicate information, Which cannot be 
communicated in any other fashion. 

In addition to spoken Words, demonstrative gestures, and 
behavioral cues, face-to-face contact often involves sitting 
doWn, standing up, and moving around to look at objects or 
charts. This combination of spoken Words, gestures, visual 
cues, and physical movement signi?cantly enhances the 
effectiveness of communication in a variety of contexts, such 
as “brainstorming” sessions among professionals in a particu 
lar ?eld, consultations betWeen one or more experts and one 
or more clients, sensitive business or political negotiations, 
etc. In situations Where the participants cannot be in the same 
place at the same time, the bene?cial effects of face-to-face 
contact Will be realiZed only to the extent that each of the 
remotely located participants can be “recreated” at each site. 

Although videoconferencing has come into Widespread 
use, it is still of limited use because of the inability to very 
closely approximate for a user the recreation of the remotely 
located participants. The systems generally use ?xed-location 
cameras and conference-type telephones. There is no sense of 
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2 
the presence of the user being at the site of a remote meeting 
or of the presence of the remotely located participants being 
With the user. 

To overcome these problems, a system called “robotic 
telepresence” has been developed. In robotic telepresence, a 
remotely controlled robot simulates the presence of the user 
for the remotely located participants. The user has a freedom 
of motion and control over the robot and video input that is not 
present in traditional videoconferencing, and this better simu 
lates the feeling of the user being present in person at a remote 
site. The overall experience for the user and the people inter 
acting With the robotic telepresence device is very much 
superior to videoconferencing. 
The robot platform typically includes a camera, a display 

device, a motoriZed platform that includes batteries, a control 
computer, and a Wireless computer netWork connection. An 
image of the user is captured by a camera at the user’s location 
and displayed on the display of the robotic telepresence 
device in the remote site. 
More recently, a robotic telepresence system has been 

developed, Which has a user station at a ?rst geographic 
location and a robot at a second geographic location. The user 
station is responsive to a user and communicates information 
to and from the user. The robot is coupled to the user station 
and provides a three dimensional representation of the user 
transmitted from the user station. The robot also senses pre 
determined types of information and communicates the 
sensed information back to the user to provide a representa 
tion for the user of the robot’s surroundings. 

Additionally, a system has been developed for head track 
ing and color video acquisition via near-infrared luminance 
keying Where the head of a user is tracked in real time. A 
near-infrared camera is equipped With ?lters that discern the 
difference betWeen a near-infrared light illuminated rear pro 
jection screen behind the user and any foreground illumina 
tion to acquire a near-infrared image of the user. A color 
image of the user’s head and the projection of a remote 
location are acquired by a color camera placed in close prox 
imity to the near-infrared camera. A bounding box is placed 
around the near-infrared image of the user’s head and trans 
lated to the vieW space of the color camera. The translated 
image is used to crop the color image of the user’s head for 
transmission to the remote location. 

HoWever, there are many problems that still need to be 
addressed to provide improved robotic telepresence realism; 
i.e., to make the user appear to be present in person. 

Solutions to problems of this sort have been long sought, 
but have long eluded those skilled in the art. 

DISCLOSURE OF THE INVENTION 

The present invention provides a method and system for 
mutually-immersive telepresencing With a vieW of a surro 
gate’s location. An image of the surrogate’s location is dis 
played at a user’s location Where a user’s eye level and height 
are sensed. The user’s gaZe is preserved on the image While 
the user’ s eye level changes. This method provides a means to 
more closely simulate the feeling of the actual presence of a 
user during conferencing by preserving the gaZe betWeen the 
user and participants and providing other communication 
cues. 

Certain embodiments of the invention have other advan 
tages in addition to or in place of those mentioned above. The 
advantages Will become apparent to those skilled in the art 
from a reading of the folloWing detailed description When 
taken With reference to the accompanying draWings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an overview of a Mutually-Immersive Mobile 
Telepresence System; 

FIG. 2 is a surrogate in accordance with the present inven 
tion; 

FIGS. 3A and 3B show a ?xed-tilt surrogate’s camera at 
different heights in accordance with a ?rst embodiment of the 
present invention; 

FIG. 4 is a view of the user’s display with the user’s head 
while the user is in seated and standing positions; 

FIG. 5 is a view of a movable projection system; 
FIG. 6 is a view of a projected image movement system; 
FIG. 7 is a user’s display with viewed image; 
FIG. 8 is the image of FIG. 7 after unwarping in accordance 

with the present invention; 
FIG. 9 is the image of FIG. 8 after cropping in accordance 

with the present invention; 
FIGS. 10A and 10B show a movable-tilt surrogate’s cam 

era at different heights in accordance with a second embodi 
ment of the present invention; 

FIG. 11 shows the surrogate’s location image maintained 
at a vertical center of the user’s display; 

FIG. 12 is an illustration of electronic adjustment for pres 
ervation of vertical gaZe in accordance with a third embodi 
ment of the present invention; and 

FIG. 13 is a method for mutually-immersive telepresenc 
ing according to the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The present invention relates to a Mutually-Immersive 
Mobile Telepresence (E-Travel) System. The user sits in front 
of a display showing the remote location and a robot device is 
located at a remote location having a display of the user. Video 
and audio are transmitted between the display and the robot 
device. The robot device may have a humanoid as well as a 
non-humanoid shape, and is referred to as a “surrogate”. 
A goal of the Mutually-Immersive Mobile Telepresence 

System is to recreate to the greatest extent possible, both for 
the user and the people or participants at the remote location, 
the sensory experience relevant for business interactions of 
the user of actually being in the remote location. 

Behavioral scientists know that interpersonal communica 
tion involves a large number of subtle and complex visual 
cues, referred to by names like “gaZe” and “eye contact,” 
which provide additional information over and above the 
spoken words and explicit gestures. “Gaze” relates to others 
being able to see where a person is looking and “eye contact” 
relates to the gaZes of two persons being directed at the eyes 
of the other. These cues are, for the most part, processed 
subconsciously by the people, and often communicate vital 
information. 

During human interactions, the sitting or standing position 
of people conveys information to other people. For example, 
during business meetings, people typically sit in chairs while 
only the presenter stands. However, at the conclusion of meet 
ings everyone usually stands up and visits with each other in 
small groups. As another example, when a person visits some 
one’s of?ce, the visitor is initially standing and the of?ce 
occupant is sitting. The person who is visiting may be asked 
to sit down by the o?ice occupant, or may do so themselves 
depending on the context. In general people ?nd it awkward 
to be standing while others are sitting or vice-versa. Thus, it is 
desirable for the user to conform to the sitting or standing 
position of other people in both a business and social context. 
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4 
Preservation of User Height: 

Referring now to FIG. 1, therein is shown a Mutually 
Immersive Mobile Telepresence System 100. The system 100 
includes a user’s display 102 having a full-siZe view of a 
surrogate’s location image 103 at a user’s location 104 and a 
robotic device or a surrogate 106 at a surrogate’s location 108. 
A user 110 may sit in a chair 114 or stand with the user’s 

head 111 and the user’s face 113 facing the user’s display 102 
on which the surrogate’s location image 103 may be back 
projected from a projector 115. The surrogate 106 is con 
nected to the user’s display 102 via a high-speed network 112 
through a user’s transceiver-computer system 116, which 
includes a portion of the user gaZe preservation system. 

First and second camera sets 118 and 120 are set a the 
comers of the user’s display 102 at an angle of 90 degrees 
relative to each other, pointing toward the user 110 in front of 
the user’s display 102 to view the user 110 and transmit 
information regarding the user’s head 111 or the user’s face 
113 to the surrogate 106. 
The height of the user’s head 111 is measured by using one 

of several similar techniques. In a ?rst technique, the user 110 
is surrounded by a chroma-key blue background. The user’s 
head 111 can be distinguished from the background in the 
images provided by the ?rst and second camera sets 118 and 
120. Knowing heights of and the angle between the ?rst and 
second camera sets 118 and 120 and the ?eld of view of the 
images, the height of the user’s head 111 can be determined 
by triangulation. In a second technique, the user’ s head height 
can be similarly measured using near-infrared (N IR) differ 
ence keying. 

After the height of the user’s head 111 is measured, the 
information is transmitted via the high-speed network 112 to 
the surrogate 106. 
The ?rst and second camera sets 118 and 120 each contain 

two video cameras at different heights for respectively view 
ing the user 110 in a seated and standing positions. By select 
ing an upper or lower video camera, it is possible to capture 
images with a good perspective of the user’s head 111. In 
other words, for a short user 110, the images will not be 
looking down on the user’s head 111 and, for a tall user 110, 
the images will not be looking up at the user’s chin. 

Referring now to FIG. 2, therein is shown the surrogate 106 
in accordance with the present invention. The surrogate 106 
has a surrogate’s head 202 having one or more surrogate’s 
face displays 204, which could be made of one or more liquid 
crystal display (LCD) panels. In one embodiment, there are 
four surrogate’s face displays 204. The surrogate’s face dis 
plays 204 are for displaying a head image 211 of the user’s 
head 111 of FIG. 1 with good perspective as explained above. 
One or more surrogate’s cameras 206 in the surrogate’s 

head 202 capture live video images at the surrogate’ s location 
108. The live video images from the surrogate’s cameras 206 
in the surrogate’s head 202 are compressed and transmitted 
over the high-speed network 112 by a surrogate’s transceiver 
computer system 207 in the surrogate 106 to the user’ s trans 
ceiver-computer system 116 (shown in FIG. 1) at the user’s 
location 104. The user’s transceiver-computer system 116 
provides the surrogate’s location image 103 to the projector 
115 of FIG. 1. 
The surrogate’s location image 103 is presented “life 

siZe”. This means that the angle subtended by objects on the 
user’ s display 102 is roughly the same angle as if the user 110 
(in FIG. 1) were actually at the surrogate’s location 108 (of 
FIG. 1) directly viewing the objects. Images are not presented 
at life-siZe in conventional videoconferencing systems. The 
surrogate’s location image 103 must be presented at life-siZe 
in the present invention in order for the user’s gaZe to be 
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accurately preserved at more than one point. For example, if 
images are not presented at life- size, a movement of the user’ s 
eyes by X degrees to the left Will not be directed at objects X 
degrees to the left of the surrogate’s face displays 204 at the 
surrogate’s location 108 (e.g., X:30 degrees). 
The surrogate 106 is made in tWo parts that are movable 

relative to each other over a distance 205. One part is a leg 
portion 208 and one part is a torso portion 210. A monitor 209 
is connected to the surrogate’s transceiver-computer system 
207 to sense the extension or height of the torso portion 210 
relative to the leg portion 208. The surrogate’s head 202 is 
mounted above the torso portion 210, and the torso portion 
210 may be raised or loWered relative to the leg portion 208 so 
as to raise or loWer the surrogate’s head 202 relative to the 
surface on Which the surrogate 106 moves or is moved. The 
surrogate 106 includes a drive portion 212, Which permits 
movement of the surrogate 106. 
One of the key components of the system 100 is the pre 

serving of the gaze betWeen user and participants so as to 
alloW each person to knoW What the other person is paying 
attention to and providing other communication cues. To do 
this, it has been discovered that it is necessary to preserve both 
the user’s height and vertical gaze in the surrogate 106. 

To preserve both the user’s height and vertical gaze, it is 
necessary to use the height of the user’s head 111 in either the 
user’s sitting and standing positions and an image of the 
user’s head 111. 

The surrogate 106 receives information about the height of 
the user’s head 111 from the user’s transceiver-computer 
system 116 at the user’s location 104, and the surrogate’s 
transceiver-computer system 207 in the surrogate 106 then 
automatically raises or loWers the surrogate’ s head 202 so that 
the image ofthe user’s head 111 is at about the same height as 
the user’s head 111 at the user’s location 104. This automatic 
preservation of user height recreates, or preserves, the same 
height by measuring a current extension or height of the torso 
portion 210 relative to the leg portion 208, knoWing the posi 
tion of the top of the user’s head 111 in the displayed image, 
and then increasing or decreasing the distance 205 if the 
surrogate’s extension to match the user’s height. 

To preserve the user’s vertical gaze While the user’s head 
height changes, there are three main approaches, Which may 
be taken either singularly or in combination, as exempli?ed in 
the folloWing ?gures. 

Preservation of Vertical Gaze Using Fixed-Tilt Surrogate’s 
Camera: 

Referring noW to FIGS. 3A and 3B, therein are shoWn a 
?xed-tilt surrogate’ s camera 206 at different heights in accor 
dance With a ?rst embodiment of the present invention. FIGS. 
3A and 3B respectively shoW the ?xed-tilt surrogate’ s camera 
206 With horizontal planes 300A and 300B respectively indi 
cating the height automatically preserving the height of a 
seated user 110 and a standing user 110. The surrogate’s 
camera 206 has a centerline of vieW 302, Which is tiltedY 
degrees 304 beloW the horizontal plane 300A or 300B. 

The horizontal planes 300A and 300B are vertically cen 
tered on the same height as Where the eye level of the user’s 
head image 211 appears on the surrogate 106 of FIG. 2. The 
surrogate’ s camera 206 has a vertical ?eld of vieW from a line 
306 to a line 308 and moves vertically With the surrogate’s 
head 202 of FIG. 2 over the distance 205 of FIG. 2. 

Referring noW to FIG. 4, therein is shoWn the user’ s display 
102 and the user’s head 111A While the user 110 is seated, and 
the user’s head 111B While the user 110 is standing. The 
user’s eyes are located a distance 400, or about 30 inches, 
from the user’s display 102. 
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6 
Because most users are With in a foot of each other in 

height, for standing or sitting users (but not sWitching 
betWeen sitting and standing), the overall height difference is 
usually Within 6 inches of the center of the surrogate’s loca 
tion image 103 (assuming the surrogate’s location image 103 
is centered around the average sitting or standing height, 
Whichever position the user 110 Will be using the system in). 

It has been found that the user’s ?eld of vieW in both 
standing and seated positions Will be centeredY degrees 304, 
or about 10°, beloW the horizontal plane 300A or 300B to the 
vertical centers 103A and 103B of the surrogate’s location 
image 103, respectively, based on the seated and standing 
height of the user’s eye levels. Thus, When the user’s eye level 
changes height, the surrogate’s location image 103 on the 
user’s display 102 should be changed accordingly so the 
center of the surrogate’ s location image 103 is still Y degrees 
304 beloW the horizontal When measured from the user’s 
eyes. 

It has been discovered that at a distance to the user’ s display 
102 of about 30 inches, there is a gaze difference or gaze error 
in the vertical direction of about 12 degrees for the different 
height users. HoWever, it has also been discovered that par 
ticipants at the surrogate’s location 108 of FIG. 1 are less 
sensitive to gaze errors in the vertical direction rather than in 
the horizontal direction because the Whites of the user’ s eyes 
are not as visible above and beloW the cornea as they are 
beside it so this not present a major problem and good vertical 
gaze is preserved With the ?xed-tilt camera 206. 

If this gaze error is unacceptable, more cameras at different 
heights can be used. In one embodiment, four cameras are 
used. 

It has also been found that, When the surrogate’s location 
image 103 is moved up and doWn With the user 110 for 
simultaneous automatic preservation of user height and ver 
tical gaze, the same amount of imagery above and beloW the 
horizontal plane 300A or 300B is alWays presented to the user 
1 10 independent of Whether the user 1 1 0 is sitting or standing. 

There are a number of Ways in Which the height of the 
center of the surrogate’s location image 103 can be changed 
betWeen the vertical centers 103A and 103B. TWo examples 
are shoWn in FIGS. 5 and 6. 

Referring noW to FIG. 5, therein is shoWn a movable pro 
jection system 500. The movable projection system 500 
includes a lift mechanism 502, Which could consist of a 
cylinder 504 and a piston 506 to move the projector 115 by a 
signi?cant amount. The lift mechanism 502 Will alloW the 
projector 115 to move an image up and doWn on the user’s 
display 102. 

Referring noW to FIG. 6, therein is shoWn an alternative 
embodiment of a projected image movement system 600. The 
system 600 includes an optical system including a projection 
lamp 602 supplying light for an imager 604. The imager 604 
can be a liquid crystal panel, equivalent light valve, or mirror 
assembly. The imager 604 is surrounded by a baf?e 606 so the 
imager 604 and the baf?e 606 can be moved by a piston 610 
in a cylinder 608 to alloW an image to be projected at different 
heights on the user’s display 102. 

Camera Distortion: 

When the surrogate’s camera 206 is ?xed in position With 
a centerline of vieW 302, Which is Y degrees 304 beloW the 
horizontal planes 300A or 300B (as shoWn in FIGS. 3A or 
3B), a problem has been encountered in that the surrogate’s 
location image 103 is distorted for objects that are not on the 
centerline of vieW 302 of FIG. 3A or 3B. For example, a 
vertical rectangular chart in front of the tilted surrogate’s 
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camera 206 Will appear distorted as a bowed trapezoidal 
image in the user’s display 102 (of FIG. 1). 

Referring noW to FIG. 7, therein is shoWn the user’ s display 
102 on Which a vertical rectangular chart at a surrogate’s 
location 108 (of FIG. 1) appears as aboWed trapezoidal image 
700 due to the perspective vieWed by the surrogate’ s cameras 
206 (of FIG. 2). The longer side of the boWed trapezoidal 
image 700 is in the direction of the camera tilt. This Warping 
makes printing or Writing on the boWed trapezoidal image 
700 dif?cult to read. 

Referring noW to FIG. 8, therein is shoWn the boWed trap 
ezoidal image 700 of FIG.7 after unWarping to make it easier 
to read. It is desirable to unWrap the boWed trapezoidal image 
700 into a regular trapezoidal image 800 With tWo inverted 
triangles 802 and 804 representing the area beyond those 
contained in the original image vieWed by the surrogate’s 
camera 206. 

Referring noW to FIG. 9, therein is shoWn the image of FIG. 
8 after cropping. The cropping removes the inverted triangles 
802 and 804 of FIG. 8 and shoWs the regular trapezoidal 
image 800 as a perspective distortion reduced rectangular 
image 900. 

Preservation of Vertical Gaze Using Tilting Surrogate’s Cam 
era: 

Referring noW to FIG’S. 10A and 10B, therein is shoWn the 
surrogate’s camera 206 equipped With a tilting mechanism 
1 002 at different heights in accordance With a second embodi 
ment of the present invention. The tilting mechanism 1002 is 
poWered and permits the surrogate’ s camera 206 to be pivoted 
above a horizontal axis from an angle 1000A as shoWn in FIG. 
10A to an angle 1000B as shoWn in FIG. 10B, respectively, 
With respect to the horizontal planes 300A and 3B. 

It has been discovered that When the user 110 moves from 
a sitting position to a standing position and vice versa, the 
direction of the user’s gaze usually changes. When people are 
sitting in a meeting, they tend to look up at a projection screen 
or across at otherpeople. HoWever, Whenpeople are standing, 
they typically look across at other people or look doWn. 

This led to a counterintuitive discovery that it is desirable to 
have a vertical center 103C of the surrogate’s location image 
103 move in an inverse direction opposite the direction of 
movement of the user’s head 111; e.g., the surrogate’s loca 
tion image 103 to move up When the user 110 sits doWn, and 
doWn When the user 110 stands up. 

Referring noW to FIG. 11, therein is shoWn the user’s 
display 102 in Which the surrogate’s location image 103 is 
maintained on the user’s display 102 With the center of the 
surrogate’s location image 103 at a vertical center 103C. The 
user’s head 111A in a seated position and the user’s head 
111B in a standing position are both located the distance 400 
(of FIG. 4) from the user’s display 102. 

In the seated position, the user’s head 111A Will have an 
eye level at the horizontal plane 300A and Will form the angle 
1000A up to the vertical center 103C. In the standing position, 
the user’s head 11B Will have an eye level at the horizontal 
plane 103B and the eyes Will form the angle 1000B doWn to 
the vertical center 103C. 

The surrogate’s camera 206 is moved or tilted so that the 
angle betWeen the user’s eyes and the vertical center 103C of 
the sufrogate’s location image 103 is the angle of the cam 
era’s tilt. For example, if the vertical center 103C of the 
surrogate’s location image 103 is at the user’s eye level, the 
surrogate’s camera 206 Would be level and pointing at the 
horizon. 

It has been further discovered that a system 100 With a 
surrogate’s location image 103 that is 36 inches tall covering 
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8 
a vertical ?eld of vieW of 68 degrees, and, hence, vieWing a 90 
degree horizontal ?eld of vieW, With a user’s display 102 
centered 56 inches above the ?oor, Will have a certain desir 
able con?guration. 

If a six-foot three-inch tall person stands such that the 
distance 400 is 30 inches aWay from the user’s display 102, 
assuming that the user’ s eye level is four inches beloW the top 
of the user’s head 111B at 71 inches above the ?oor, the angle 
1000B Would be 27 degrees doWn from the user’ s eye level to 
the vertical center 103C of the surrogate’s location image 
103. When the surrogate’s camera 206 is tilted doWn by 27 
degrees from the horizontal, the user’s vertical gaze Will be 
preserved at the surrogate’s location 108 (of FIG. 1). 

Similarly, if a ?ve-foot tall person sits in front of the user’ s 
display 102 such that the distance 400 is 30 inches aWay from 
the user’s display 102, assuming that the user’s eye level is 
four inches beloW the top of the user’s head 111A at 44 inches 
above the ?oor, the angle 1000A Would be 22 degrees up to 
the vertical center 103C of the surrogate’s location image 
103. When the surrogate’s camera 206 is tilted up by 22 
degrees to the horizontal plane, the user’ s vertical gaze Will be 
preserved at the surrogate’s location 108 (of FIG. 1). 

Thus, it has been discovered that a range of movement for 
the movable-tilt surrogate’s camera 206 betWeen 27 degrees 
doWn from the horizontal and 22 degrees up from the hori 
zontal Will preserve the gaze of more than 95% of the Us. 
born adult population of potential users. 

Although the tilting of the cameras may be a distraction for 
people at the surrogate’s location 108, and the tilting of the 
cameras may cause additional communication delay time 
(generally on the order of 100 milliseconds), since small 
cameras can be moved faster than large projectors, the added 
delay Will be more than made up for in the speed of motion. 

In a general case, the folloWing equation determines the 
desired angle of the surrogate’ s camera 206 at the surrogate’ s 
location 108. By trigonometry, if the distance from the user to 
the screen is XMS, and the distance from the user’s eye Ye 
above the center of the projected imageYc isYe—Yc:Yec, then 
the angled data betWeen the user’s eye in the center of the 
projected image is: o:—arctan (Ya/X145). 

Note that if the user’s eye level is beloW the vertical center, 
103C of the surrogate’s location image 103, the distance Yes 
betWeen the user’s eye and the vertical center 103C Will be 
negative, and the resulting angle Will be positive (i.e., the 
surrogate’s camera 206 should be pointed up above the hori 
zontal). 
Preservation of Vertical Gaze Using Electronic Image Pro 
cessing: 

Referring noW to FIG. 12, therein is shoWn an illustration 
1200 of electronic adjustment for preservation of vertical 
gaze. In this approach, the surrogate’s camera 206 (of FIG. 2) 
Would acquire a much larger surrogate’s camera image 1202 
than Would be projected, such as the portrait image having a 
height 1204 and a Width 1206. 

The portion of the image required to preserve vertical gaze 
Would be electronically selected from the surrogate’s camera 
image 1202 in a computer (either the user’ s transceiver-com 
puter system 116 of FIG. 1 or the surrogate’s transceiver 
computer system 207 of FIG. 2, Which could optionally 
include a portion of the user gaze preservation system). The 
electronic selection can easily be accomplished by texture 
mapping 1208 of different portions of the surrogate’s camera 
image 1202 to the user’s display 102 to provide the surro 
gate’ s location image 103. Techniques for this are Well knoWn 
to those having ordinary skill in the art. 
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Thus, instead of tilting the surrogate’s camera 206 between 
27 degrees doWn and 22 degrees up to cover the range of the 
tall and short user as in the second embodiment, the surro 
gate’s camera 206 Will be required to cover a vertical ?eld of 
vieW of 68+27+22, or 117 degrees. Then, in the case of the 
six-foot three-inch tall standing user, the top 68/117th of the 
surrogate’s camera image 1202, or the portion 1210B, Would 
be used. And in the case of the ?ve foot tall sitting user, the 
bottom 68/117” of the surrogate’s camera image 1202, or the 
portion 1210A, Would be used to provide a landscape vieW of 
the surrogate’s location image 103. 

It Will be understood that if the surrogate’s camera 206 Was 
oriented in a landscape orientation, in order to cover a range 
of 117 degrees in a vertical direction, a range of 2*arctan 
[(4/3)*tan(1 17/ 2)]:131 degrees Would have to be covered in 
the horiZontal direction (because of the 3 high by 4 Wide ratio 
of conventional video cameras). This is a very Wide angle of 
vieW and is dif?cult to obtain Without distortion and/ or high 
cost. 

In this case, a better option Would be to orient the surro 
gate’s camera 206 in a portrait mode. Then, an image span 
ning 1 17 degrees vertically Would require a horiZontal span of 
2*arctan [(3/4)*tan(117/2)]:101 degrees, Which is much 
more manageable. If used as one side of a display cube Wall, 
assuming a four-screen user’s display 102, this Would have to 
be increased slightly to more than 90 degrees, requiring a 
vertical ?eld of vieW slightly more than 120 degrees. 
One disadvantage of this alternative is that a large amount 

of image transmitted from the surrogate’s location 108 is 
throWn aWay at the user’s location 104, e.g., the portion 
1212B. In the best case, Where the surrogate’s camera 206 is 
oriented in a portrait mode, (117—68)/117:49/117:42% of 
the image is discarded. Given that the resolution of the pro 
jected image is at a premium and almost an order of magni 
tude beloW What Would be is desirable to reproduce human 
visual acuity, it is detrimental to have to discard almost half 
the transmitted image to preserve gaZe. 
A variant of this technique Would be to texture map the 

image on the surrogate’s transceiver-computer system 207 
and compress and transmit only a portion of the image to be 
displayed for the user 110 based on directives from the user’ s 
transceiver-computer system 116. This Would reduce the 
bandWidth Wasted by discarding portions of the image at the 
user’ s location 104, but a signi?cant portion of the surrogate’ s 
camera’s resolution Will still have to be discarded in either 
situation; e.g., portions 1212A or 1212B. 

User Interface Metaphors 
The folloWing user-interface metaphors of the three alter 

natives Will assist in understanding the present invention but 
should not be considered limiting. 

In the ?rst embodiment, the metaphor for the operation of 
the system is that of a mask ?xed to the level of the user’s 
head; as the as the user’s head is raised up or doWn, the 
surrogate’s location image on the display moves up and 
doWn, and the user’s perspective shifts vertically Without 
tilting. This is also similar to What happens When a user is 
Wearing a motorcycle helmet that covers the user’s chin and 
has a visor in front of the user’s eyes. In this case, the user’s 
WindoW on the World moves up and doWn along With the 
user’s head. 

In the second of the embodiments, it is as if the user is 
standing or sitting in front of a Wall containing a WindoW. As 
the user moves up and doWn the WindoW remains ?xed, so the 
user’s vieW through the WindoW tilts up and doWn. 

Given that the user’s display Will be at a distance from the 
user that more closely matches that experience of standing in 
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10 
front of a WindoW rather than Wearing a helmet, it is probably 
more intuitive and preferred to have a system that leverages 
the second metaphor. 
As seen above, the preferred embodiment of the invention 

Would be based on tilting the surrogate’s cameras 206 to 
preserve gaZe. This does not Waste camera resolution or 
require the movement of either the projector 115 as a Whole, 
its optical system, or the projected image. 

HoWever, the embodiments above can also be used in com 
bination. The most advantageous combination is probably 
large-degree mechanical tilting of the surrogate’ s camera 206 
combined With electronic ?ne-tuning of the gaZe by discard 
ing a small portion of the surrogate’s location image. This 
Would alloW small changes in the user’s head 111 position to 
be quickly compensated for Without requiring frequent and 
relatively sloW mechanical motion. For example, if the user 
110 Were sitting and leaned back or slouched, a small adjust 
ment Would be required. When the user 110 assumed a 
straighter sitting position, another small adjustment Would be 
required. A combination of gross mechanical movement 
combined With ?ne electronic compensation could handle 
these situations more effectively than either alone. 
From the above disclosure, it Would be obvious to those 

having ordinary skill in the art that the present invention is 
adapted for simultaneous automatic preservation of user 
height and vertical gaZe. 

Method of the Present Invention: 
Referring noW to FIG. 13, therein is shoWn a method 1300 

for mutually-immersive telepresencing according to the 
present invention. The method 1300 includes: a step 1302 of 
providing a vieW of a surrogate’s location using a surrogate’s 
camera; a step 1304 of displaying at a user’s location an 
image of the vieW; a step 1306 of sensing a user having a 
user’s eye level and having a user’s perspective; and a step 
1308 of moving the surrogate’s camera and image of the 
user’s eyes to about match the user’s eye level and perspec 
tive; a step 1310 of preserving the user’s perspective and, 
hence, gaZe on the image While the user’s eye level changes. 

While the invention has been described in conjunction With 
a speci?c best mode, it is to be understood that many altema 
tives, modi?cations, and variations Will be apparent to those 
skilled in the art in light of the aforegoing description. 
Accordingly, it is intended to embrace all such alternatives, 
modi?cations, and variations, Which fall Within the spirit and 
scope of the included claims. All matters hither-to-fore set 
forth herein or shoWn in the accompanying draWings are to be 
interpreted in an illustrative and non-limiting sense. 

The invention claimed is: 
1. A method for mutually-immersive telepresencing com 

prising: 
providing a vieW of a surrogate’s location using a surro 

gate’s camera; 
displaying at a user’s location an image of the vieW; 
sensing a user having a user’ s eye level and having a user’ s 

perspective; 
moving the surrogate’s camera to about match the user’s 

eye level and perspective; and 
preserving the user’s perspective and, hence, gaZe on the 

image While the user’s eye level changes, Wherein pre 
serving the user’s gaZe includes tilting the vieW of the 
surrogate’s location While the user’s eye level changes. 

2. The method as claimed in claim 1 Wherein: 
displaying the image includes displaying a life-siZe image 

of the surrogate’s location. 
3. The method as claimed in claim 1 Wherein: 
preserving the user’s gaZe includes: 
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displaying the image at a ?rst height; and 
moving the image from the ?rst height While the user’s 

eye level changes. 
4. The method as claimed in claim 1 Wherein: 
preserving the user’s gaZe includes: 

displaying a ?rst portion of the image for a ?rst range of 
the user’s eye level; and 
displaying a second portion of the image for second 

range of the user’s eye level. 
5. A method for mutually-immersive telepresencing com 

prising: 
providing a vieW of a surrogate’s location; 
displaying at a user’s location an image of the vieW; 
sensing a user’s eye level of a user having a user’s vertical 

perspective; 
moving the vieW of the surrogate’s location betWeen a ?rst 

and a second surrogate’s height as the user’s eye level 
changes betWeen a ?rst and second user’s height; and 

preserving the user’s vertical perspective and, hence, gaZe 
on the image While the user’s eye level changes betWeen 
the ?rst and second user’s height. 

6. The method as claimed in claim 5 Wherein: 
displaying the image includes: 

providing a life-size image of the surrogate’s location 
With a perspective distortion; 

unWarping the perspective distortion of the life-size 
image to form an unWarped image With excess image; 
and 

cropping the excess image to display the image life-size 
With perspective distortion reduced. 

7. The method as claimed in claim 5 Wherein: preserving 
the user’s gaze includes: 

displaying the image With the image having a vertical cen 
ter; and moving the vertical center in direct proportion to 
changes in the user’s eye level. 

8. The method as claimed in claim 5 Wherein: 
preserving the user’s gaZe includes tilting the vieW of the 

surrogate’s location in degrees in inverse direction to 
changes in the user’s eye level. 

9. The method as claimed in claim 5 Wherein: 
preserving the user’s gaZe includes: 
texture mapping the image at the surrogate’ s location or the 

user’s location to provide a texture-mapped image; 
displaying a ?rst portion of the texture mapped image for a 

?rst range of the user’s eye level; 
displaying a second portion of the texture mapped image 

for a second range of the user’s eye level; and 
discarding any remaining portion of the texture mapped 

image not included in the ?rst and second portions of the 
texture mapped image. 

10. A mutually-immersive telepresencing system compris 
ing: 

a surrogate having a surrogate’s camera for providing a 
vieW of a surrogate’s location; 

a user’ s display for displaying at a user’s location an image 
of the vieW; 

a user height sensor system for sensing a user having a 
user’s eye level and having a user’s perspective, and 
changing the height of the surrogate camera to match the 
user’s eye level as height of the user changes; and 

a user gaZe preservation system for preserving the user’s 
gaZe on the image While the height of the user and the 
user’s eye level changes. 

11. The mutually-immersive telepresencing system as 
claimed in claim 10 Wherein: 

the user’s display displays a life-size image of the surro 
gate’s location. 

12 
12. The mutually-immersive telepresencing system as 

claimed in claim 10 Wherein: 
the user gaZe preservation system includes: 
a projection system for displaying the image at a ?rst 

5 height; and 
a mechanism for mechanically or optically moving the 

image from the ?rst height While the user’s eye level 
changes. 

13. The mutually-immersive telepresencing system as 
claimed in claim 10 Wherein: 

the user gaZe preservation system includes a rotary mecha 
nism for tilting the vieW of the surrogate’s location While 
the user’s eye level changes. 

14. The mutually-immersive telepresencing system as 
claimed in claim 10 Wherein: 

the user gaZe preservation system includes: 
an electronic system for displaying a ?rst portion of the 

image for a ?rst range of the user’s eye level and for 
displaying a second portion of the image for second 
range of the user’s eye level. 

15. A mutually-immersive telepresencing system compris 
ing: 

a surrogate having a surrogate’s camera for providing a 
vieW of a surrogate’s location; 

a user’s display for displaying at a user’s location an image 
of the vieW; 

a user height sensor system for sensing a user’ s eye level of 
the user having a user’s vertical gaZe; 

a system for changing the vieW of the surrogate’s location 
betWeen a ?rst and a second surrogate’s height as the 
user’s eye level changes betWeen a ?rst and a second 
user’s height; and 

a user gaZe preservation system for preserving the user’s 
vertical gaZe on the image While the user’s eye level 
changes betWeen the ?rst and second user’s height. 

16. The mutually-immersive telepresencing system as 
claimed in claim 15 Wherein: 

the user’s display includes: 
an electronic system for providing a life-size image of the 

surrogate’s location With a perspective distortion, 
unWarping the perspective distortion of the life-size 
image to form an unWarped image With excess image, 
and cropping the excess image to display the image 
life-size With perspective distortion reduced. 

17. The mutually-immersive telepresencing system as 
claimed in claim 15 Wherein: 

the user gaZe preservation system includes: 
a projection system for displaying the image With the 

image having a vertical center; and 
a mechanism for mechanically or optically moving the 

vertical center in direct proportion to changes in the 
user’s eye level. 

18. The mutually-immersive telepresencing system as 
claimed in claim 15 Wherein: 

the user gaZe preservation system includes a rotary mecha 
nism for tilting the vieW of the surrogate’s location in 
degrees in inverse proportion to changes in the user’ s eye 
level. 

19. The mutually-immersive telepresencing system as 
60 claimed in claim 15 Wherein: 

the user gaZe preservation system includes: 
an electronic system for texture mapping the image at the 

surrogate’s location or the user’s location to provide a 
texture mapped image, for displaying a ?rst portion of 
the texture mapped image for a ?rst range of the user’s 
eye level, for displaying a second portion of the texture 
mapped image for a second range of the user’s eye level, 
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and for discarding any remaining portion of the texture the surrogate’s camera is tilted from 22 degrees up to a 
mapped image not included in the ?rst and second por- horizontal plane to 27 degrees doWn to the horizontal 
tions of the texture mapped image. plane. 

20. The mutually-immersive telepresencing system as 
claimed in claim 15 Wherein: * * * * * 
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